Genomic information is essential for taxonomic, phylogenetic and functional studies to comprehensively decipher the characteristics of microorganisms, to explore microbiomes through metagenomics, and to answer fundamental questions of nature and human life. However, large gaps remain in the available genomic sequencing information published for bacterial and archaeal species, and the gaps are even larger for fungal type strains. The Global Catalogue of Microorganisms (GCM) leads an internationally coordinated effort to sequence type strains and close gaps in the genomic maps of microbes. Hence, the GCM aims to promote research by deepmining genomic data. 
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Besides the microorganisms that can be isolated and maintained in situ, the vast majority of microorganisms cannot yet be cultivated, and thus are relatively poorly studied. Culture-independent approaches have been developed to investigate the compositions and functions of environmental and human microbiomes. However, accurate taxonomic and functional predictions based upon metagenomic data are dependent upon the availability of high quality reference genomic data [5] . Therefore, sequencing the genomes of type strains of recognized microbial species will provide a taxonomic context for metagenomic data analysis, which is commonly comprised of short and incomplete sequences from complex environmental communities.
Microorganisms possess extensive genomic and metabolic diversity, which makes them ideal biotechnological tools. Decoding the full genomes of the type strains of various species to provide reference genomes will thus enable genes to be associated with functions, such as metabolic activity, virulence, antibiotic production or resistance, biomass deconstruction, cellulose agricultural nitrogen fixation and the liberation of environmental phosphorus, etc. Access to microbial genomic sequences will significantly contribute to future studies in microbial biology, ecology, and biochemistry and these will, in turn, accelerate the discovery of new natural products and drugs [5] . Presently, the selection of strains for whole-genome sequencing is based predominantly on medical, ecological or industrial importance, which often leads to bias in assessing phylogenetic relationships. There are several ongoing phylogenetic-based microbial sequencing projects. The Genomic Encyclopedia of Bacteria and Archaea (GEBA), led by the US Department of Energy Joint Genome Institute (US DOE JGI), has pioneered the partnership between culture collections and sequencing projects. The GEBA project published 1003 whole-genome sequences of type strains in 2017 as the outcome of its first stage [7] . GEBA started the new stage of the project in 2015, which has a focus on the genomes of soil, plant-associated, and newly described type strains [8] .
Similarly, the US DOE JGI, in collaboration with international research teams, conducted a five-year project to sequence 1000 fungal genomes from across the Fungal Tree of Life [9] . The overall plan is to fill in gaps in the Fungal Tree of Life by sequencing at least two reference genomes from the more than 500 recognized 
Emerging enhancements of culture collection in the genomic era
Efforts made by culture collection curators to explore the diversity of microorganisms and to harness their genes, properties and products remain insufficient. While type collections are not always large or diverse, the genome sequencing efforts of the GCM will increase access to resources in smaller collections.
The WDCM is the data center of the WFCC and the Microbial Resources Centers
Network. The WDCM is working on facilitating the application of cutting-edge information technology to improve the interoperability of microbial data, to promote access and use of data, and coordinate international cooperation between culture collections, scientists and other user communities. The first stage of the GCM project started in 2012, which focused on sharing strain catalogue data from culture collections [10] . The proposed type strain sequencing project is the continuation of the GCM project as its second stage, GCM 2.0. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 65
Project development and current progress
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It is expected that the project will be completed within 5 years, including a pilot stage in the first year. GCM 2.0 includes two core subprojects, sequencing 10,000 bacterial and archaeal type strains, and sequencing fungal type strains. It will also embrace several satellite projects on specific scientific targets. Laboratory, the DNA Data Bank of Japan after completion of data analysis and annotation and ensuring it has met a set of quality criteria. will respect the access and benefit-sharing regulations of all countries.
The GCM type strain sequencing project encourages all culture collections to participate in this international collaborative project. Interested parties should be willing to provide DNA for type strains held in their collections. All microbiologists and institutions from related fields are welcome to submit subprojects for genomic data-related research questions. Brief proposals, including questions to be addressed and type strains to be sequenced and analyzed, should be emailed to Dr Juncai Ma at ma@im.ac.cn. Once a proposal is granted as a subproject, the scientist(s) will be asked to lead the full genome analysis and jointly publish the generated outcomes. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 As a collaborative network of international culture collections, GCM 2.0 will contribute to a genome-based microbial taxonomic framework, establishing high quality complete genome sequences as the new gold standard. The resulting knowledge and tools generated through this project will not only directly facilitate the identification of microorganisms, but will also improve our ability to predict new gene complexes and their functions from microbial communities. Thus, our knowledge of the hitherto undiscovered microbial diversity will be expanded, which may lead to the sustainable utilization of microbial resources for human benefit. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
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